The imidazole derivatives are industrially important curing accelerator agents of epoxy resins. Among them, 2-ethyl-4-methylimidazole (2E4MZ) is consumed in large amounts in Japan. Curing of the epoxy resin with the 2E4MZ agent starts from 79˚C (curing peak top is at 124˚C), the curing temperature range is rather wide. These features are not desirable in the production field, because the pot life (working life) of this epoxy resin becomes short. Therefore, an agent with a higher
and narrower curing temperature range has been sought to elongate the working life of epoxy resin, and thus to increase the productivity in the production field. During the course of our studies on inclusion complexes, to enhance the curing temperature characteristics we have reported an interesting host molecule, 1,1,2,2-tetrakis(4-hydroxyphenyl)ethane, (HOC6H5)2C2H2(C6H5OH)2, (TEP), which formed many inclusion complexes with different organic solvents. 1 We also reported on the crystal structure of two host-guest inclusion complexes of TEP. One is to control the solubility of the guest molecule of 5-chloro-2-methyl-4-isothiazoline-3-one, a widely used germicide reagent; 2 the other is to prevent the hydrolysis of 3-aminopropyltriethoxysilane by moisture, which is an important industrial silane coupling reagent. 3 In this study, we successfully employed a host molecule of TEP to form a host-guest inclusion complex with a guest molecule of 2E4MZ; the crystal structure of the 1:2 inclusion complex was examined to investigate the property of the crystal. The TEP and 2E4MZ were purchased from Asahi Organic Chemicals Industry Co., Ltd. and Wako Pure Chemicals Industries, Ltd., respectively, and used without further purification. The inclusion complex was crystallized from methanol containing equal amounts of molar TEP and 2E4MZ at room temperature. The molar ratio of the inclusion complex was 1:2, which was identified by the 1 difference Fourier synthesis and refined. The remaining hydrogen atoms were located at the geometrically calculated positions and included in the least-squares using the riding atoms model. The host-guest ratio is 1:2, as expected from the 1 H NMR spectrum; one host and two guest molecules are independent in the crystal. The molecular structure of TEP is almost similar to those previously reported. [2] [3] [4] In one molecule of two independent 2E4MZ, the tautomeric form of 2E4MZ, i.e., 2-ethyl-5-methylimidazole, was observed.
Another 2E4MZ molecule was protonated, and took an imidazolium form. The protonated form was confirmed because two hydrogen atoms (H71 and H72) were found on each imidazole nitrogen atom in the difference Fourier map, and also the C75-N71 and C75-N72 bond lengths were almost equal due to delocalization, 1.3303(19) and 1.335(2)Å, respectively. Corresponding to this protonated form, one of four OH groups of the TEP molecule (O41) was deprotonated and found to be bearing one negative charge. There was no significant electron density around O41. Also, the location of H72, as described above, confirmed deprotonation. This proton transfer would be caused by the relatively stronger basicity of 2E4MZ. The negative charge on O41 would contribute to the shorter O·O distance between O21-H21·O41[x, y+1, z], 2.4700(14)Å. Also, it is noteworthy that the O21-H21 distance of 1.12(3)Å is significantly longer than the typical value of 0.84 Å, indicating a rather broader electron density due to the charge-assisted strong hydrogen bonding between O21 and O41. The hydrogen bonds and details about angles are listed in Table 2 .
In the crystal structure, all oxygen atoms of the TEP molecule are connected directly by O-H·O hydrogen bonds. Thus, the 3D net-type host framework is constructed, which can be interpreted as the inter-connected and shifted stack of a 2D net framework accommodating two guest hosts. The single layer of the 2D net with guests is shown in Fig. 3 . In Fig. 3 , the guest molecules are connected by a hydrogen bond (N71-H71·N61[x, -y+3/2, z+1/2]) and accommodated in rhombic shape cavity formed by four hosts. The host-guest interactions within this layer are two N-H·O hydrogen bonds including NH + ·O -a charge-assisted hydrogen bond (N72-H72·O41[-x, -y+1, -z+ 1]). The ceiling and floor of the cavity are also the TEP molecules in the upper and lower layers. Furthermore, one imidazole ring (N71 to C77, Cg is the center of ring) has an intermolecular C-H·π interaction to one phenol moiety of TEP (C12-H12·Cg[x, 3/2-y, -1/2+z], H12·Cg distance is 2.93 Å, C-H·Cg angle is 139˚, and C·Cg distance is 3.697(2)˚). Therefore, the guest molecules are completely concealed in the cavity by these intermolecular interactions as well as van der Waals interactions. As for the curing acceleration property of this host-guest inclusion crystal, the curing of epoxy resin with this powdery crystal started around 110˚C (curing peak top is at 141˚C), which is much higher than the curing temperature using 2E4MZ only. Moreover, the temperature range became much narrower. These improvements of the property of the guest molecule (2E4MZ) would be due to concealing of the guest into the rhombic cavity in the host framework, in which the guests are connected to the host, and also to each other, by hydrogen bonds, including the charge-assisted one. This successful utilization of the host-guest inclusion complex shows a promising way to modify the property of industrially important molecules. 
